The current study seeks to compare the effects of prenatal methamphetamine exposure (PME) on infant and child physical growth between the USA and New Zealand (NZ). This cross-national comparison provides a unique opportunity to examine the potential impact of services provided to drug using mothers on child health. The longitudinal Infant Development, Environment and Lifestyle study of PME from birth to 36 months was conducted in the USA and NZ. The US cohort included 204 children with PME and 212 non-PME matched comparisons (NPME); the NZ cohort included 108 children with PME and 115 NPME matched comparisons. Latent growth curve models were used to examine effects of PME, country of origin, and the country×PME interaction on growth in length/height and weight. In regard to length/height, PME and country of origin were associated with initial length and growth over time. There was also a significant interaction effect, such that children with PME in the USA were shorter at birth than children with PME in NZ after controlling for other prenatal exposures, infant set, socioeconomic status, and maternal height. In regard to weight, there was only an effect of country of origin. Effects of PME on infant and child growth were shown to differ across countries, with exposed children in NZ faring better than exposed children in the USA. Implications for prevention programs and public policy are discussed.
approach in contrast to a more punitive approach common in the USA (Mathews & Kenny, 2008) Methamphetamine use has been associated with a host of negative consequences for users including damage to the dopaminergic and serotonergic regions of the brain (Berman et al. 2008; Chang, Alicata, Ernst, & Volkow, 2007) , respiratory problems (Havel, 1997; Wijetunga, Seto, Lindsay, & Schatz, 2003) , poorer cognitive functioning (Block, Erwin, & Ghoneim, 2002) , and increased violence (Sommers, Baskin, & Baskin-Sommers, 2006) . In addition to the risk to users, pregnant women represent a sub-population of particular importance due to emerging reports of effects of prenatal methamphetamine exposure (PME) on child development outcomes mainly from our Infant Development, Environment and Lifestyle Study (IDEAL; e.g., Derauf et al., 2012; LaGasse et al. 2011 LaGasse et al. , 2012 Lester & LaGasse, 2010) , which is the only large longitudinal study of PME and child development taking place in the USA and NZ.
Research in the USA indicated that roughly 19,000 pregnant women use methamphetamine annually (Colliver, Kroutil, Dai, & Gfroerer, 2006) , and methamphetamine use accounts for 24 % of pregnant women admissions to federally funded substance abuse treatment centers in the USA (Terplan, Smith, Kozloski, & Pollack, 2009) . Although national data regarding maternal methamphetamine use while pregnant are not available in NZ, similar problems have been observed in regional research (Wouldes, LaGasse, Sheridan, & Lester, 2004) . Findings from National Women's Hospital indicate that more than half of referrals to the hospital's Alcohol Drug and Pregnancy Team were due to methamphetamine use.
Several imaging studies of mostly school age children reported the association of PME and abnormal brain morphology (Chang et al. 2004; Cloak et al. 2009; Sowell et al. 2010) , altered brain metabolism Smith et al. 2001) , impaired child executive functioning (Chang et al. 2004; Lu et al. 2009 ). In IDEAL-US, PME has been related to childhood behavioral dysregulation (Abar et al. 2012; LaGasse et al. 2012) . This finding was also found in a small study of amphetamine exposure in Sweden (Billing et al. 1994 ). Relevant to this paper, PME has been also associated with infant and child growth decrements (Smith et al. 2003; Zabaneh et al. 2012) . Smith et al. (2003) found that infants prenatally exposed to methamphetamine throughout each trimester of pregnancy were significantly smaller at birth than infants whose mothers stopped using methamphetamine before the third trimester. There was also a greater proportion of "small-for-gestational age" infants in the methamphetamine-exposed group than in the non-exposed group. This finding was replicated in the US cohort of the IDEAL study (Nguyen et al. 2010) . Further, PME was associated with decreased linear length/height trajectory from birth to 3 years relative to non-exposed children, with no differences in linear weight trajectories (Zabaneh 2012) . Similarly, exposure to amphetamine has been associated with below average height and weight at birth, 4 years, and 8 years .
These studies on human growth are supported by experimental literature linking PME and growth deficits in rat pups (e.g., Acuff-Smith, Schilling, Fisher, & Vorhees, 1996; Slamberova, Pometlova, & Charousova, 2006; Williams, Moran, & Vorhees, 2004) . The current study, capitalizing on both the NZ and US cohorts of IDEAL, seeks to compare the effects of PME on trajectories of child growth between countries.
The majority of the work on PME (and other prenatal exposure variables; e.g., Eiden, Veira, & Granger, 2009; Chaplin, Frieburger, Mayes, & Sinha, 2010) in humans relies on the use of a host of covariates to equate exposed and nonexposed conditions as closely as possible (Lester & LaGasse, 2010) . However, it is sometimes the case that suitable matches for exposed cases or suitable controls for preexisting differences cannot be found within a data set (Miller & Chapman, 2001; Rosenbaum, 2010) . In the prenatal drug exposure literature, which is mostly from the USA, characteristics like lack of proper pre-and postnatal care, poverty, and out-of-home placement due to mandatory reporting (to legal authorities) of illicit drug use during pregnancy are often closely linked to PME. In NZ, however, the universal, national healthcare system provides for free pre-and postnatal care and free visits to physicians during childhood (LaGasse et al. 2011 , Wu et al. 2012 . The NZ government also provides financial support for all citizens in need including drug addiction problems and does not require mandatory reporting of prenatal substance use (Mathews & Kenny 2008) , which leads to greater engagement in prenatal services by drug-abusing mothers (Wu et al. 2012 ). The common cross-national concerns regarding methamphetamine use among pregnant women, coupled with the differences in service provision to drug using mothers, provide a unique opportunity for a natural experiment (Bornstein, 2010; Harkness, 1992) on the impact of PME on child development.
The current study examines differences in the impact of PME on growth from birth through 3 years of age in the USA and NZ. Matched samples of PME children and children with no methamphetamine exposure (NPME) were recruited in the USA and NZ, and these samples are modeled over time using latent growth curve analysis (Duncan, Duncan, & Strycker, 2006) . We hypothesized that the growth trajectories of PME children in NZ would be more optimal than those of PME children in the USA.
Method

Recruitment and Participants
Data come from the cross-cultural IDEAL Study of PME and child outcome in NZ and in the USA. The IDEAL study was a prospective study of children with PME and matched comparisons, with participants recruited from four geographically representative sites known to have methamphetamine problems (Los Angeles, CA; Des Moines, IA; Tulsa, OK; Honolulu, HI; for more information on IDEAL, see Smith et al. 2007 Smith et al. , 2008 . The IDEAL cohort in NZ coms from a separate, related project on children with PME, with participants selected from the Auckland area of the north island due to its large urban population base (for more on the NZ IDEAL cohort, see LaGasse et al. 2011) .
In the USA, recruitment occurred postpartum, and the Institutional Review Boards at all participating sites approved the protocol and consent procedure. A National Institute on Drug Abuse Certificate of confidentiality was also obtained to allow participants to report on their drug use without fear of mandatory reporting of illegal substance use. However, mothers were informed that the certificate did not exclude reporting of evidence of child abuse or neglect. Mothers were contacted after giving birth, screened for eligibility, and, if interested, provided written consent.
In NZ, recruitment was performed during pregnancy, and approval for the study was granted by the Auckland District Health Board (DHB), Waitemata DHB, Northern Regional Ethics Committee (through the NZ Ministry of Health), and the Maori Ethics Committee at both the Auckland and Waitemata DHBs. There is very little child removal due to prenatal substance use in NZ, as there no statutes regarding mandatory reporting of prenatal substance-using mothers. In NZ, most pregnant mothers receive pre-and postnatal care through midwives subsidized through the country's universal health care plan. All participants in the NZ cohort were referred to study staff through independent or hospitalemployed midwives. Research staff met with mothers during the prenatal period to discuss the study and obtain written consent. When the child was born, staff returned, reviewed the study protocol with the mother, and performed the baseline interview. In both cohorts, meconium specimens were collected, and shipped to a central laboratory for analysis of drug metabolites using gas chromatography-mass spectrometry (U.S. Drug Testing Laboratory; Des Plains, IL; for more information, see LaGasse et al. 2011) .
Mothers identified as a methamphetamine user by selfreport and/or positive confirmation of amphetamines in meconium were assigned to PME group. Meconium samples were shipped within 2 days in the USA but up to 6 months in NZ. Given the long delay for meconium results in NZ, methamphetamine use was mainly based on self-report. There were relatively few cases where meconium was positive for MA but prenatal use was denied (this occurred in eight participants in the USA and two participants in NZ). To accommodate the unique drug use patterns of each country, inclusion to the PME group could include prenatal cocaine use in the USA or prenatal opiate use in NZ. There were 17 mothers who used cocaine during pregnancy in the USA and 12 mothers who used opiates during pregnancy in NZ.
Infants with no prenatal methamphetamine exposure (NPME) within each US site and NZ were matched to the exposed individuals based on race/ethnicity, infant birth weight (categorized as<1,500 g, 1,500-2,500 g, >2,500 g), and maternal educational level (in USA, high school degree or greater vs. less than high school degree; in NZ, fifth form certificate achieved or not achieved, as this is the closest analog to high school in NZ). In the USA, participants were also matched on private vs. public insurance status. Mothers in the USA were provided with a $50 incentive for participation at each time point from birth, and mothers in NZ were paid an equivalent amount in NZ dollars. All data collection took place postpartum. Prenatal use of cocaine (USA) or opiates (NZ) were excluded from the respective comparison groups.
Exclusion criteria included: non-English speaking (except Maori in NZ), maternal age <18 years in USA (age of consent in the USA), and <17.5 years in NZ (age of consent in NZ), multiple births, maternal cognitive or psychological impairment, overt psychotic behavior or documented history of psychosis, maternal use of LSD/hallucinogens/PCP, infant congenital anomalies/chromosomal abnormalities, infants unlikely to survive, overt TORCH infection, and infants with a sibling previously enrolled in the study. In the USA, a total of 17,961 screened mother-infant dyads were eligible to participate, with 3,705 (21 %) agreeing to participate; 204 infants were found to have PME and 208 NPME matched comparison participants were selected from the remaining potential participants. In NZ, data on total eligible participants and enrollment rates were not available given the recruitment procedure used, with midwives only referring expectant mothers who had expressed interest in participating. A total of 223 mother-infant dyads in NZ were enrolled, with 108 PME participants and 115 NPME comparisons. As such, the total sample size for the current study was 635 (PME n=312; NPME n=323). Table 1 presents the demographic characteristics of the sample by exposure status and overall.
Measures
Child Length/Height and Weight Child height/length and weight were measured at birth, 12 months, 24 months, and 36 months. Height was measured in centimeters with children wearing socks and no shoes, and weight was measured in pounds with children wearing light clothing. Using normative values for boys and girls at each time point from the World Health Organization, heights and weights were transformed into z-scores. As such, a score of 0 represents the average height or weight of children at a given age across the world.
Covariates Covariates were selected to account for factors that could affect growth in order to isolate the impact of PME. To account for potential effects of heredity, selfreported maternal height was included as a predictor of child length/height growth parameters, and maternal weight was included as a predictor of child weight growth parameters. Child sex was included to account for differences in growth trajectories for boys and girls, as was socioeconomic status (SES). Education and occupation information was collected to calculate the four-factor Hollingshead Index (Hollingshead, 1975; LaGasse et al. 1999) . The continuous SES measure, index of social prestige, is categorized into five groups ranging from1 (high SES) to 5 (low SES). Prenatal exposure to tobacco (average cigarettes per day), alcohol (average ounces of absolute alcohol per day), and marijuana (average joints per day) were included as covariates on each growth parameter.
Plan of Analysis
All analyses were performed in Mplus 6.0 (Muthén & Muthén, 1998 ) using a full information maximum likelihood estimator robust to non-normality to account for missing data over time. Unconditional latent growth curve (LGC) models were first performed in a structural equation modeling framework (Duncan, Duncan, & Strycker, 2006) to demonstrate the overall trajectories of infant and child growth in length/height and weight annually from birth through 36 months. Fixed chronometric factor loadings were used to represent the intercept (i.e., 1, 1, 1, and 1), linear slope (i.e., 0, 1, 2, and 3), and quadratic trend (i.e., 0, 1, 4, 9). Model fit was compared using χ 2 , Comparative Fit Index (CFI; Bentler, 1990) , and Root Mean Square Error of Approximation (RMSEA; Steiger & Lind, 1980) . We then performed conditional LGCs, including measures of PME and country of origin (0=USA; 1=NZ) as predictors of growth parameters (i.e., intercept, linear slope, and quadratic trend). We also included the interaction between PME and country of origin, defined by the product of centered PME and centered country, as a predictor of growth. Prenatal exposure to other substances (tobacco, alcohol, and marijuana), child sex, and maternal height/weight were used as covariates. Associations between predictors/ covariates and growth outcomes are presented using standardized betas (β). Table 1 presents sample demographic characteristics by country and exposure status. There was no difference across country and exposure status on child sex, χ 2 (1)=0.01, p>0.10; χ 2 (1)=0.22, p>0.05, respectively. Individuals with PME were more likely than those with NMPE to be in lower SES categories, χ 2 (4)=64.54, p<0.001. Individuals in NZ were also more likely to be in the lowest SES category than individuals in the USA, χ 2 (4)=20.45, p<0.001. In regard to prenatal exposure to other substances, there was a consistent pattern of greater exposure in NZ than in the USA, tobacco t (631)=2.60, p<0.01; alcohol t (632)=3.91, p<0.001; marijuana t (631)=3.50, p<0.01. Children with PME were also prenatally exposed to higher levels of tobacco and alcohol, tobacco t (631)=9.89, p<0.001; alcohol t (632)=4.09, p<0.001, but the difference in prenatal exposure to marijuana was not significant, t (631)=1.70, p>0.05.
Results
Preliminary Analysis
In regard to maternal physical size, mothers in NZ were taller than mothers in the USA, t (617)=3.38, p<0.01, but there was no country difference in maternal weight, t (608)=1.77, p>0.05. Mothers of children with PME tended to weigh less than mothers of children with NPME, t (608)=2.33, p<0.05, but there was no difference by exposure status in maternal height, t (617)=1.08, p>0.05.
Unconditional LGC
LGC models were then performed for child length/height and weight without the inclusion of PME and country factors or any covariates. In regard to child length/height, results indicated that a model with a random intercept, random linear slope, and random quadratic trend provided good fit to the data, χ 2 (1)=4.75, p=0.03, CFI=0.99, RMSEA<0.08 (see Fig. 1 ). Relative to the WHO standards, individuals in the sample were significantly longer than average at birth and declined over time.
1 There was also a significantly positive quadratic trend representing an overall flattening in the growth curve from 12 through 36 months.
In regard to child weight, results indicated that a model with a random intercept, random linear slope, and constant quadratic trend also provided good fit to the data, χ 2 (4)=13.70, p<0.01, CFI=0.96, RMSEA=0.06 (see Fig. 2 ). Modeling growth in weight with a random quadratic trend led to estimation problems (i.e., non-positive definite psi matrix), so the quadratic trend was held constant. Relative to the WHO standards, individuals in the sample were of average weight at birth and significantly increased over time. The quadratic trend was significantly negative, representing the overall increase until 24 months and decrease from 24 to 36 months.
Predicting LGC Parameters
Predictors of interest (exposure status, country of origin, exposure×country) and covariates (child sex, SES, other prenatal exposures, and maternal height/weight) were included predicting random growth parameters (intercept, linear slope, and quadratic trend for height/length; intercept and linear slope for weight).
In regard to length/height, PME was significantly associated with each growth parameter (see Fig. 3 ). Children with PME tended to be shorter at birth than children with NMPE and tended to decline, relative to WHO standards, at a slower rate (positive effect on linear slope) and continued to decline from 24 to 36 months (negative effect on quadratic trend; see Fig. 4 ).
2
Country of origin was associated with linear slope and quadratic trend, such that individuals in NZ declined at a faster rate (negative effect on linear slope) with a stronger increase from 12 to 36 months than individuals in the USA (positive effect on quadratic trend). There was also an exposure×country effect on the intercept, such that children with PME in NZ were significantly longer at birth than children with PME in the USA. Fig. 3 Conditional latent growth curve of child length/height using PME, country of origin, PME×country interaction, and covariates. Chronometric factor loadings from the intercept, linear slope, and quadratic trend were fixed. Correlations between factors are presented. All associations between predictors/covariates and growth factors were modeled, but only statistically significant paths are presented in the interest of clarity and parsimony. Prenatal exposure to tobacco, alcohol, and marijuana, child sex, and SES were included as covariates of growth parameters, but none of these effects were statistically significant. As such, these variables were not included in the figure. Model fits the data well, χ 2 (11)=20.52, p=0.04; CFI=0.98; RMSEA<0.05. *p<0 .05, **p<0.01, ***p<0.001 Greater maternal height was also predictive of greater length at birth. There were no significant effects of child sex, SES, and prenatal exposure to tobacco, alcohol, and marijuana on height/ length growth parameters. In regard to weight, country of origin was predictive of intercept and linear slope (see Fig. 5 ). Individuals in NZ were heavier at birth with a slower linear rate of growth (negative effect on linear slope) than individuals in the USA (see Fig. 6 ). Greater maternal weight was predictive of greater weight at birth, while prenatal exposure to marijuana was predictive of lower weight at birth. Boys were also found to increase in weight slower than girls. There were no significant effects of PME, exposure×country interaction, SES, and exposure to tobacco and alcohol on weight growth parameters.
Discussion
The current study sought to examine differences in the effects of PME on infant and child physical growth across the USA and NZ using a large, prospective design. Given the considerable differences in governmental and healthcare responses to maternal drug use across countries (Wu et al. 2012) , this comparison was a unique and informative way to account for these traditional confounds (e.g., inadequate pre/postnatal care, poverty, out-of-home placement due to maternal drug use) in prenatal drug exposure research.
Results indicated there was a stronger negative effect of PME on infant and child length/height in the USA than in NZ, which was supportive of our hypothesis that exposed children in NZ would fare better than exposed children in the USA. There were no significant PME effects observed on infant and child weight, which was not supportive of our hypothesis but was in line with previous work in the USA alone (Zabaneh et al. 2012) . It is important to note that, PME individuals in each country were consistently shorter and lighter than their matched comparisons, although not always to a significant degree. Each of the analyses described was performed while adjusting for other prenatal exposures, child sex, SES, and heredity (height/weight of mothers).
The observed PME effects on infant length/height again highlight the relevance of the prenatal period for postnatal development. Observed PME effects may be the result of altered placental blood flow due to the vasoconstrictive properties of methamphetamine restricting nutrient delivery, as well its anorexic effects on mothers (Plessinger, 1998; Salisbury, Ponder, Padbury, & Lester, 2009) . The difference between the effects of PME in the USA and PME in NZ highlights the potential importance of providing adequate prenatal care to drug-using mothers. Wu et al. (2012) showed Conditional latent growth curve of child weight using PME, country of origin, PME×country interaction, and covariates. Chronometric factor loadings from the intercept, linear slope, and quadratic trend were fixed. The correlation between intercept and linear slope is presented. The quadratic trend was held constant to facilitate model convergence with a positive definite psi matrix. All associations between predictors/covariates and growth factors were modeled, but only statistically significant paths are presented in the interest of clarity and parsimony. Prenatal exposure to alcohol and tobacco and SES were included as covariates of growth parameters, but none of these effects were statistically significant. As such, these variables were not included in the figure. Model fits the data well, χ 2 (22)=58.34, p<0.001; CFI=0.94; RMSEA=0.05. *p<0.05, **p<0.01, ***p<0.001 that methamphetamine-using mothers in the USA had much higher rates of inadequate prenatal care than their NZ counterparts, likely due to the duel effect of free health care and a lack of fear regarding one's child being taken away due to mandatory reporting by doctors and hospital staff.
These findings call attention to enhanced pre-and postnatal service provision to drug-using mothers in the USA as a potential way to prevent the growth decrements on the developing fetus/child. Effective prevention programs like the Nurse-Family Partnership (NFP; e.g., Olds, 2006) have been providing these types of services to first-time mothers in communities across the USA, reaching approximately 170,000 families since 1996 (Nurse-Family Partnership, 2012) . The NFP seeks to create a link between the healthcare system (i.e., nurses) and mothers most at risk for inappropriate or insufficient prenatal care, and support is continued through the first 2 years of life. Programs like this can be adapted for use specifically with drug-using pregnant mothers, thereby creating conditions more similar to those observed in NZ for this at-risk population, with the goal of improving developmental outcomes among exposed infants/children in the USA.
Limitations
There are several limitations to the current study. First, the nature of the question regarding cross-national comparisons of the effects of PME on development necessitates the use of an observational design, such that causal relations cannot be defined. Future studies employing similar designs might benefit from statistical methods like propensity score matching (e.g., Harder, Stuart, & Anthony, 2010; Rutter, 2007) or graphical modeling techniques (e.g., Greenland, Pearl, & Robins, 1999; Robins, 2001 ) to provide more causal estimates. Second, although the samples from each country represent the largest prospective data collections on PME available, we were only able to collect data from four areas in the USA and the greater Auckland area of NZ. As such, generalizability may not extend to all regions and ethnicities. Third, the differences in recruitment procedures between the countries may have impacted findings, as drug-using mothers in NZ were approached for participation before birth and may have altered their behaviors due to this contact. Replication work would benefit from the use of more consistent recruitment across sites. Fourth, despite the certificate of confidentiality, it remains possible that mothers in the US sample underreported their drug use, particularly comparison individuals, over concerns regarding child removal. Although this potential was lessened by the use of meconium testing and the fact that significant differences remained between PME and "NPME" participants, future work on prenatal exposure should seek more definitive measures of maternal use (i.e., meconium, maternal hair, and urine testing). Fifth, the current study only follows growth trajectories from birth through 3 years, such that longer-term followups are required for a more complete understanding of differences in the effects of PME on infant and child growth. Finally, the current study does not address proposed mechanisms for the described country×exposure status interaction (e.g., health care, fear of mandatory reporting) due to data limitations. Future research should seek to quantify access, both actual and perceived, to health care services and concerns regarding child removal and/or prosecution due to mandatory reporting of prenatal drug exposure to explicitly test these mechanisms.
Conclusions
The effects of PME were shown to differ across countries, with less decrements in birth length observed in NZ than in the USA. With sufficient replication, findings like these have the potential to influence public policy regarding the treatment of drug-using mothers. By addressing deficits specific to this sub-population of women, investigators and policy makers may be able to prevent much of the harm from drug use during pregnancy that is transferred onto the child. 
